Abstract Obesity is generally considered an adult disease, although there has been a constant increase in the prevalence of overweight and obese children in the last few decades. Childhood obesity is not limited to developed countries, with increasing numbers being reported from developing countries as well as from Saudi Arabia. Young populations with obesity suffer from similar comorbidities as obese adults, including type 2 diabetes mellitus, dyslipidemia, obstructive sleep apnea, polycystic ovarian syndrome, pseudotumor cerebri, and fatty liver disease. Recent advances in weight loss surgery have given hope to obese adolescents who are refractory to lifestyle changes and low-calorie diet plans. This review emphasizes a holistic approach for obese adolescents and describes in detail a multidisciplinary team and their role in adolescent bariatric surgery. There are unique medical, psychological, and nutritional requirements during the pre-operative, immediate post-operative, and long-term phases to achieve a desirable outcome. Identification of an appropriate candidate for bariatric surgery is critical and must balance the risks and benefits of weight loss surgery. Different surgical procedures are available and should be tailored to the needs of the patient and the expertise of the surgeon.
Introduction
The prevalence of obesity has been rising in children and adolescents in recent decades, and a sustained increase in severe obesity has been observed at a young age. Nearly 2% of children and adolescents are morbidly obese in the United States [1] . Young age obesity is multifactorial and can result due to genetic, environmental and social factors, and energy imbalance [2] . Weight reduction plans with lifestyle changes including a healthy and low-calorie diet, exercise and specific counseling for pediatric obese patients has modest results with minimal sustainability [3, 4] . Obesity-related comorbidities were once only considered to be associated with the adult obese population, but the adolescent obese population has exhibited an increase in the occurrence of type 2 diabetes mellitus, dyslipidemia, obstructive sleep apnea, polycystic ovarian syndrome, pseudotumor cerebri, and fatty liver disease [5] . In addition to medical comorbidities, youths with obesity are also at risk for psychiatric disorders such as depression, anxiety, and low self-esteem [6] , and the probability of becoming an obese adult is much higher for obese children than for normal weight children. A body mass index (BMI) above the 99th percentile in children is strongly linked to a BMI above 30 kg/m 2 as an adult [7] . Comorbidities and mortality are higher in adults who were obese adolescents compared to those who become obese as adults [8] . These factors have resulted in increased bariatric surgery in adolescents [9] .
Epidemiology and definitions
The most common way to measure the body fat is to calculate the body mass index (BMI) because direct measurement of fat is difficult. BMI is not always a true measure of body fat, as athletes with significant muscle mass can have high BMIs but a very low body weight fat percentage. However, body fat content can be reliably predicted with BMI in children and adolescents [10] . Adult BMI classifies a body fat content of 25 kg/m 2 and above as overweight; 30 kg/m 2 and above as obese; 40 kg/m 2 and above as morbidly obese; and 50 kg/m 2 and above as super obese [11] . The Centers for Disease Control and Prevention provide BMI centile charts accounting for age, gender, and growth pattern. Children with BMI growth curves between 85the94th percentiles are defined as overweight, and those in or above the 95th percentile are obese [11] . More severe obese adolescents are defined by an expert committee of the American Academy of Pediatrics, which states a BMI of 30e32 for 10e12 year old and a BMI of 34 for 14e16 year old as the 99th percentile, and any value above the 99th is defined as extreme obesity [12] .
The global prevalence of childhood obesity was estimated in 2010, and 43 million children (35 million in developing countries) were estimated to be overweight and obese, with 92 million at risk of being overweight [13] . The National Health and Nutrition Examination Survey reported US data from 2009 to 2010 stating 31.8% of children age 2e19 had BMI above 85th percentile, 16.9% were above the 95th percentile, and 12.3% were above the 97th percentile [14] .
The prevalence of childhood obesity in Saudi Arabia has been increasing in the last 2 decades, and the reported prevalence falls between that of developed and developing countries. A cross sectional national epidemiological survey of 12,701 children (boys 6281; girls 6420) was published in 2002, which reported that 10.7% of boys and 12.7% of girls were overweight, and 6.0% of boys and 6.74% of girls were obese [15] . One study published in 2007 compared the two data sets from 1988 to 2005 to analyze the trend of body fat and obesity in primary school boys [16] . A significant rise in body mass index (16.5 AE 2.1 to 18.0 AE 4.0 kg/m 2 ; P < .005) was observed over this period. Another study in 2005 examined the frequency of overweight, obesity and severe obesity in Saudi children aged 5e18 [17] using the World Health Organization (WHO) 2007 reference to define overweight, obese, and severely obese children. There were 19,317 healthy children, of which 50.8% were boys. The prevalence of overweight, obesity, and severe obesity in different age groups was 23.1%, 9.3% and 2%, respectively.
Comorbid conditions with obesity
There is increasing evidence that pediatric obesity is associated with substantial medical and psychological comorbidity, similar to adults.
Type 2 diabetes mellitus (T2DM): Type 2 diabetes mellitus is linked to obesity, and as the prevalence of obesity rises, the incidence of type 2 diabetes mellitus has also increased in pediatric populations [18] . Children with T2DM are at higher risk for developing obesity-related problems early in life, including hypertension, dyslipidemia, fatty liver disease, and atherosclerosis [19] .
Obstructive sleep apnea: Sleep disorders with symptoms of snoring, hypopnea, and apnea are highly associated with childhood obesity. Obstructive sleep apnea can cause variable degrees of fatigue, poor academic performance, hypertension, and ventricular dysfunction [20] .
Non-alcoholic steatohepatitis: The incidence of nonalcoholic fatty liver disease is much higher in obese children compared to lean children. Of obese children, 38% exhibit steatosis compared to 5% of lean children, and nonalcoholic steatohepatitis is seen 9% in obese children and 1% of lean children [21] .
Metabolic syndrome: Metabolic syndrome, including high waist circumference, dyslipidemia, hyperinsulinism, elevated inflammatory markers, and the presence of hypertension with ventricular hypertrophy has been reported in young obese adults. These factors are strong predictors of long-term cardiovascular morbidity [22] .
Benign intracranial hypertension: Benign intracranial hypertension or pseudotumor cerebri is associated with high intracranial pressure without a mass lesion, has been associated with obesity and is resolved with weight loss management [23] .
Quality of life: Obesity in adolescents has significant negative impact on quality of life with psychological consequences [24, 25] . One study of obese adolescents reported 53% suffer mild depression, 30% self-reported clinically significant depression, and 45% are clinically depressed based on a report from the mother [26] .
A review of the published literature and best practice guidelines indicated reduction or resolution of these medical and psychological comorbidities after weight reduction from surgical treatment [27e29].
Multidisciplinary team development
The selection and preparation of patients for weight loss surgery requires a well-qualified and coordinated team of professionals. The development of a multidisciplinary team (MDT) and a clinical pathway has generated positive and sustained outcomes in children and adolescents undergoing bariatric surgery [30] . MDT and periodic rounds for each case provide an opportunity for holistic and patient familybased approach for selection as well as pre-surgical and post-surgical management [31] .
An ideal MDT should contain four to five members (Table  1) : a trained pediatric bariatrician or pediatric specialist with an interest and experience in pediatric obesity, an adult or pediatric surgeon with bariatric surgery and adolescent care experience, a certified pediatric dietician to address the pre and post-surgical diet plan, a pediatric psychologist with expertise in adolescent and family treatment and experience treating eating disorders, and a coordinator who is a registered nurse or social worker to maintain coordination in the MDT and between the patient/ family and the health professionals with an aim of good compliance and follow up [28] . Other desirable members include a hepatologist with expertise in fatty liver disease, a pediatric endocrinologist with experience in diabetes and dyslipidemia, and an exercise physiologist [31] .
Patient selection (suitability) criteria
Careful and vigilant selection of candidates for bariatric surgery is vital for positive outcomes and the post-surgical well-being of the patient. Once a candidate fulfills the selection criteria, it is critical for the team of health professionals to prepare the patient for surgery and postsurgical care and to realistically explain weight reduction targets.
Published best practice guidelines, position statements, and clinical pathways based on emerging evidence of favorable bariatric surgery results in pediatric age groups have established criteria for child and adolescent bariatric surgery very similar to the adult criterion [30, 32, 33] . These criteria are as follows ( made. The patient and family should exhibit mature decision making abilities, understand the risk and benefits of surgery, and have realistic weight loss expectations. The existence of strong family support and other social supports such as close friendships and a minimization of social isolation support a better outcome. The patient and family should demonstrate compliance with the pre-operative plan and motivation for the postoperative lifestyle. Any psychotic disorders require treatment and must be under control. Contraindications: Candidates should be excluded if they exhibit correctable medical causes of obesity, substance abuse, medical or psychological disabilities that would impair compliance with the post-operative care plan and pregnancy or planning pregnancy 12e18 months after the surgery [20] .
Pre-surgical assessment (preparation) for bariatric surgery
Every child/adolescent candidate for bariatric surgery should receive a detailed assessment, preparation, and counseling from each member of above mentioned multidisciplinary team.
Medical assessment:
The pediatrician considered to be the MDT leader should perform the initial assessment while considering the requirements and complications of bariatric surgery and is obliged to address the comorbid conditions associated with obesity [31] . The burden of disease is determined with a full medical assessment and diagnostic work up (Table 3) . A routine work up includes a complete blood count, renal and liver profile, fasting blood glucose and insulin, glycated hemoglobin (HbA1c), lipid profile, Vitamin D, parathyroid hormone, thyroid function test, ACTH, cortisol, blood group, and coagulation profile. Other micronutrients such as Vitamin B1, B6, B12, folate, zinc, magnesium, copper, and iron might also be screened.
The radiological work up includes abdominal ultrasound to screen for gallstones, and a pelvic ultrasound might be performed on girls above 12 years age. Skeletal maturity should be assessed with bone age using a left wrist X-ray. The bone mineral density measurement with dual-energy Xray absorptiometric scan is important because of the high risk of reduced bone density after bariatric surgery.
Polysomnography is indicated if the history is suggestive of sleep apnea. Genetic studies can also be considered if the clinical examination is indicative of any syndrome or monogenic obesity [30, 34] . Prophylaxis for deep venous thrombosis with pharmacologic therapy and mechanical compression stockings should be advised if there is high risk for post-operative DVT [35] .
Psychological assessment: The psychologist has a vital role preparing the patient for surgery. He/she identifies the strengths and barriers that will help achieve a positive surgical outcome. Multiple sessions and interviews should explore the patient, family, and their surroundings to create a holistic approach resolving psychosocial issues ( Table 4 ).
The psychological assessment consists of three components. 1. Evaluation of current family environment and stressors. 2. Evaluation of emotional maturity, cognitive function and comprehension of the surgery, and relevant recommendations. 3. Counseling for perioperative dietary and psychosocial changes [31] .
Psychiatric disorders such as depression, low selfesteem, and anxiety are higher in obese youth [6] . Depression is reported to be 3e4 times higher in obese young candidates for bariatric surgery [36] . Overweight adolescents are also at higher risk for body image disorders [37] . The psychological assessment provides an opportunity to treat these functional disorders and also to provide behavioral therapy if any substance abuse has been documented by the patient or caregivers [38] .
Special attention should be given to specific aspects related to weight management and surgery. These include [38] : Nutritional assessment: Every child undergoing bariatric surgery and his/her family needs nutritional counseling and education for pre-operative weight loss and screening for micronutrient deficiencies, an immediate post-operative diet progression plan, and a long term post-operative diet and supplementation plan with special attention to bone health (Table 4 ) [39] .
Nutritional management should begin 6 months prior to surgery with progressive family base structured meal plans. It is crucial that the family provide an encouraging and supportive environment that adheres to dietary recommendations. The restriction of calories to 1000 kcal with a carbohydrate-controlled liquid diet 10 days prior to surgery will deplete hepatic glycogen and shrink liver size, facilitating the surgical approach [31] .
Obese adolescents might exhibit micronutrient deficiencies even prior to surgery due to unbalanced diet and poor food choices. It is advised to perform screening and supplementation if necessary for Vitamin B1, B12, iron, folate, and Vitamin D [39] .
The post-operative diet progression plan varies with each surgical procedure, and it is critical to follow the recommended plan to avoid surgical complications. Centers offering bariatric surgery should have a written protocol in place. Patient understanding of the plan in advance can avoid psychological stress and improve the compliance [39] .
Macronutrients, water, and proteins are commonly deficient after surgery. Dehydration can result due to restricted intake, diarrhea secondary to dumping syndrome or if concentrated forms of sugars (honey, jelly, or candy) are ingested. Young girls have a daily recommended intake of 2.3e2.7 L of water, and 3.3e3.7 L are recommended for boys [40] . Protein deficiency is more common in malabsorptive procedures such as biliopancreatic diversion, but it has also been observed in pure restrictive procedures as well. The adult recommendation for protein intake is 60e90 g per day for restrictive surgery and 80e120 g per day for malabsorptive procedures [41] .
Micronutrient deficiencies are common after surgery and include both water-and fat-soluble vitamins. Regular screening (every 3 months to yearly) and supplementation of multivitamins with Vitamin B1, B6, B12, folate, iron, and Vitamin D is mandatory. The most common deficiencies are Vitamin D and iron. Iron and folate replacement is particularly important in young menstruating girls whose chances of pregnancy improve with weight loss [39] .
Bone mineral density is also reduced after surgery due to the decrease in BMI, but low Vitamin D and high parathyroid hormone levels might further deteriorate bone health. In adults, Vitamin D replacement does not fully restore bone density, suggesting a role for other hormones such as ghrelin [42] . The minimum recommended dose of calcium is 1300 mg/day and Vitamin D is 600e2000 IU [43] .
Surgical assessment and choice of procedure: The surgeon and the pediatric bariatrician make the final decision concerning surgery. He/she would choose one of the recommended procedures for adolescents according to his/her level of expertise and skill [31] . Surgical procedures (Fig. 1) are classified as purely restrictive, purely malabsorptive, or mixed. Malabsorptive procedures including duodenal switch and biliopancreatic diversion are not recommended in the pediatric age group because of complications and severe malabsorption [44] .
Adjustable gastric banding is a reversible restrictive procedure, but it is not approved in the United States in patients under the age of 18 by The Food and Drug Administration (FDA) [27] . Laparoscopic sleeve gastrectomy is a primarily restrictive procedure, but it also helps reduce appetite because the ghrelin-producing segment of stomach is removed [45] . Sleeve gastrectomy is an irreversible procedure that has been shown to be safe and effective in adolescents [46, 47] . Roux-en-Y gastric bypass (RYGB) is an irreversible but mixed restrictive and malabsorptive procedure, and it is the first technique reported to be performed on adolescents in the 1970s [48] . This is most widely used procedure in adults and children. Meta-analysis for adolescents receiving RYGB has shown good safety and efficacy [49] .
Consent:
The risks and benefits associated with bariatric surgery must be explained to the patient and family separately to avoid coercion. Informed assent from the patient should be obtained with an evaluation of his/her understanding of the risks, benefits, and follow-up plan. The parents' consent should include a detailed discussion of medical and surgical treatment options. Every effort should be made to avoid any subtle or overt coercion [28] .
Summary
Obesity prevalence is rising in pediatric populations. Bariatric surgery has shown promising results in terms of safety and efficacy, and there is a need to increase awareness among primary healthcare physicians to overcome the reluctance and barriers to bariatric surgery for the pediatric age group. A multidisciplinary approach, institutional protocols, and pathways can help patients and improve outcomes. Adolescents undergoing weight loss surgery require a smooth transition program in place.
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